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Introduction
Fluoroorganic molecules have already found many applications within electronic products, notably in liquid crystal display (LCD) devices, due to the high electronegativity of the fluorine atom capable of inducing a strong dipole on any organic system, and the strong C-F bond being stable under many operating conditions. These properties can be advantageously exploited in selfassembled monolayers (SAMs) 1,2 on electrode surfaces in organic electronic devices such as OLEDs 3 or OTFTs. 4 A key electrode property that can be tuned using SAMs is the work function, because it is well known that a layer of electrical dipoles can substantially shift the electrostatic potential at the interface (surface potential), provided that the molecules in the layer possess a dipole moment component that is perpendicular to the surface. [5] [6] [7] In organic light emitting diodes (OLEDs), for example, where the efficiency strongly depends upon the height of the Schottky barriers at each of the respective electrode-semiconductor contacts, the insertion of a dipolar SAM between the electrode and the organic material allows the manipulation of the energy barrier through the interface and provides a significant degree of control over the electrical characteristics of the system. 5, 8, 9 Thus, to maximize the impact of molecular dipoles on the work function of the modified surface, a dense molecular packing and the alignment of the molecular dipoles along the substrate normal is highly desirable.
Besides tuning the electronic behavior of interfaces where two materials interact, the insertion of a SAM also provides a means to engineer the adhesion strength between the substrate and the subsequently deposited layers. 10 Bare metal oxide electrodes often possess high surface free energies due to the presence of hydroxyl groups, which significantly increase the hydrophilicity of the electrodes. From a device perspective, high surface free energies are often undesirable as subsequently deposited organic layers are characterized by a rather low surface energy. Such a mismatch is often responsible for poor wetting at the interface, leading to weak adhesion and eventually to device failure. 11, 12 Depending on the terminal functional group that the SAM exposes to the surface, the surface energy can be substantially lowered, 13 thereby providing a more even 4 coverage, resulting in better device performance and long term stability. 9, 11 Furthermore, the adhesion force between an electrode surface and an aromatic organic layer can be strengthened through the presence of π-π stacking interactions between the SAM and the organic semiconductor.
By tuning the terminal functional group of the SAM to resemble functional groups present within the organic semiconductor, enhanced interactions at the interface may be achieved, which is the reason why SAMs in electronic devices often contain pendant aromatic substituents analogous to those of the deposited organic layer. 11, 14 In this paper, we aim for the modification of aluminum surfaces, because aluminum electrodes are among the most common and affordable electrode materials used in organic electronics, having applications in OLEDs, OTFTs, OPVs, and printed electronics. The native oxide layer on aluminum films (abbreviated AlO x /Al) is decorated with phosphonic acid (PA) monolayers, a choice determined by the robustness of the PA anchor group on AlO x , which has been advantageously exploited in organic thin-film transistors (OTFTs), [14] [15] [16] biocompatible materials, 17 and for corrosion
resistance. 18 We demonstrate the versatility of highly dipolar fluorinated benzylphosphonic acids for tuning the work function of AlO x /Al electrodes, as well as to adjust the surface free energy (or adhesion) of the substrate. To our knowledge, this is the first systematic study showing the dependence of the work function of alumina surfaces on the molecular dipole moment of the deposited adsorbates.
5 Figure 1 . Chemical structures of the phosphonic acids 1 -12 used in this study for the modification of AlO x /Al surfaces.
Experimental Section
Materials. Absolute ethanol, the solvent used for self-assembly, was purchased from Merck KGaA, and diiodomethane (DIM), used for contact angle measurements, was purchased from Aldrich, all commercially bought solvents were used as received. Deionized water was from a Millipore system (18.2 MΩ·cm). Aluminum powder (0.2-0.7 mm, 99.9 %) was obtained from Thin Film Products. All PAs used were synthesized following the procedures described in the Supporting Information, with the exception of 1 and 12, both of which were purchased from Epsilon Chimie and were used as received. Information) . If the surface has been adequately cleaned, its contact angle with water should approach 0°. On this basis, the SC/UVO and SC/OP methods both provided highly hydrophilic surfaces (contact angles with water ~10°). We decided to use the SC/UVO pretreatment as a standard protocol for all PAs, however, because it is less likely to alter the physicochemical nature of the oxide surface compared to the SC/OP method, thereby providing substrates that are more reproducible for SAM deposition. It is known that oxygen plasma can etch the AlO x layer and oxidize the Al layer of AlO x /Al substrates. 21 We also suspect that the plasma treatment, which is carried out in dry, low pressure conditions, may result in a loss of surface hydroxyl (OH) groups from the AlO x layer. This is less likely to occur during the SC/UVO treatment, which is performed in the lab atmosphere. It is generally accepted that surface hydroxyl groups promote the adsorption of phosphonic acids onto metal oxides, including AlO x /Al. 22 The thickness of the AlO x layer on the SC/UVO-cleaned substrates was in the range 3.6 to 4.7 nm, as determined by XPS using a reported procedure. 23 
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Monolayer formation. Self-assembled monolayers of PAs on AlO x /Al were prepared under ambient conditions at room temperature as follows: after pre-cleaning, the substrates were fully immersed in a ~4 mM solution of the corresponding phosphonic acid in absolute ethanol for 18-26 h.
The substrates were then rinsed copiously in ethanol to remove any unbound material, dried in a stream of nitrogen gas and either used immediately or stored under vacuum until required.
Contact angle goniometry. Static contact angle goniometry measurements were performed using a drop shape analyzer (DSA-30) from Krüss GmbH (Hamburg, Germany) with an automated drop dispenser and image video capture system. Immediately before data acquisition, the sample was rinsed with ethanol and dried in a nitrogen stream. Droplets of either water or diiodomethane (DIM)
having volumes between 0.4 µL and 0.7 µL were deposited from a 0.5 mm diameter needle at different positions on each sample. Images were analyzed with the drop shape analysis software to determine the contact angle by circle fitting. Contact angle (θ) values reported (see Table 1 . To obtain elemental concentrations, XPS peak areas were normalized using instrumental relative sensitivity factors (RSF) calibrated with known reference samples. The molecular density of dodecylphosphonic acid monolayers, obtained from the P 2s signal intensity, was normalized with the aid of S 2p intensities from hexagonally close-packed 1-dodecanethiol (C 12 H 25 SH) reference 8 monolayers on template-stripped gold substrates. This was done by keeping both samples at equal heights in the measurement chamber. By comparison of the two intensities, the molecular density of 1-dodecylphosphonic acid monolayers was directly determined (using S 2p and P 2s RSF values of 0.668 and 0.344, respectively), and the remaining molecular densities for all other PAs extracted by means of P 2s/Al 2p ratios (using an RSF value for Al 2p of 0.294; see Table 2 ). Note that a similar hydrocarbon thickness can be assumed both for C 12 H 25 SH and 1-dodecylphosphonic acid monolayers, as their coverage is very close (see Table 2 ). This can be deduced by the similar values of the RSF normalized intensity from P 2s and the S 2p signals, as well as by the fact that the C 1s/P 2s and C 1s/S 2p ratios for both SAMs are comparable. Thus, we could neglect attenuation factor differences for P 2s and the S 2p when comparing C 12 H 25 SH and 1-dodecylphosphonic acid monolayers.
Overall, the error in the obtained molecular densities stems mainly from the limited P 2s signal intensity (statistical error of ~5% for the spectrometer settings used in our work), as well as from slight differences in the attenuation constant for P 2s and S 2p photoelectrons due to the dodecyl layer (systematic error of ~2-5%). The systematic error arising from the different substrate roughness (hence effective probed area) distinguishing template stripped Au (atomically flat) from AlO x /Al (rough) can be neglected based on our AFM studies (<1%). However, a possible important systematic error stems from the RSF values for P 2s and S 2p core levels. This error can be minimized by RSF calibration using appropriate reference samples.
Binding energies were referenced to the hydrocarbon C 1s signal from the alkyl chains in SAM 1 at 285 eV, as this is common practice in the XPS literature 25 when no metallic emission signal (such as Au 4f) is available for calibration (note that the AlO x layer forms an electrostatic dipole whose potential offset is thickness-dependent). For work function (Φ) determination at the low kinetic energy cutoff, low intensity XPS (LI-XPS) measurements were conducted. With a pass energy of 5 eV, an instrumental energy resolution of about 0.3 eV was obtained. The anode of the X-ray source was set to a voltage of 10 kV and the emission current adjusted to 1 mA to reduce the photon flux impinging the surface. As an energy reference, the Fermi level of a clean, argon ion-etched Au 9 surface was used (Φ = 5.12 eV), which is in agreement with reported values. 26 A bias voltage of -6 V was applied to the sample by means of a battery.
DFT calculations. Molecular dipole moments were determined by ground state density functional theory (DFT) calculations performed using the nonlocal generalized gradient approximation. These calculations were carried out at the PBE theory level 27 with a double numerical basis set including polarization functions (DNP) as implemented in the Dmol 3 program, 28 where an energy convergence of 10 -6 Ha and 10 -5 Ha has been employed during self-consistent field iterations and for structure relaxation, respectively. Dipole moment calculations were done by means of a coupled phosphonic acid/Al 6 O 10 cluster system, as illustrated in Figure 2 for the pentafluorobenzyl-derivative 9. We employed the Al 6 O 10 cluster as a simplified model of the AlO x /Al surface, to which the phosphonic acid moiety was assumed to bind in the bidentate mode (see Ref. 29 for further discussion). This particular cluster, which is similar to cluster models investigated previously, [30] [31] [32] [33] was the smallest one we could invent that provided two Al-OH groups in a geometry suitable for binding of the phosphonic acid moiety. Although the cluster itself is unrealistic with regards to the 3-fold coordination of Al atoms, we argue it is an appropriate model for the oxide layer found on aluminum, which can be described as non-crystalline and amorphous. 34, 35 The projection of the dipole moment on the z-axis (µ z , in units of Debye), defined as the axis perpendicular to the plane spanned by 4 Al atoms within the Al 6 O 10 cluster (marked with a dashed line in Figure 2 ), was computed for each PA-Al 6 O 10 system. The cluster was first relaxed using ethyl phosphonic acid as adsorbate. For the remaining series of PAs (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) , the coordinates of the atoms within the Al 6 O 10
cluster (including the two bridging oxygen atoms bound to P) were kept fixed and only the organic residue (including P=O) was allowed to relax, hence preserving cluster geometry and binding configuration throughout the series. The simulation results for all PA-Al 6 O 10 cluster systems are available in the Supporting Information. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
Results
The phosphonic acids 1 to 12 used to prepare the monolayers on alumina are shown in Figure 1 .
These compounds were designed and selected to provide a possibly broad range of surface energies and work function values on AlO x /Al electrodes. Five of the PA compounds (5, 7, 8, 10, and 11) are new and their syntheses provided in the Supporting Information. Of the remaining compounds, the adsorption of 9 on metal oxide surfaces has been the subject of numerous publications in recent years, [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] whereas 6 and 9 have been employed to modify the work function of crystalline ZnO surfaces. 36 For comparison, we have included dodecylphosphonic acid (1) in our study as a nonaromatic reference compound. Note that the phosphonic acid group that connects the fluoroaromatic backbone to the substrate excels in a strong bonding to metal oxides, producing layers of superior thermal and hydrolytic stability compared to other anchor groups (siloxane, carboxylic acid, etc.). [49] [50] [51] [52] [53] Thus, it represents an excellent platform for monolayer studies, as well as for applications that require a stable interface between electrode and organic semiconductor.
Contact angle goniometry.
The surface free energy (γ S ) is a critical factor in determining the surface properties of solids such as wetting, adsorption, and adhesion. The ability to tune γ S of metals or metal oxides by using self-assembled monolayers offers the possibility to improve adhesion between organic semiconductors and electrode structures in devices. Moreover, the modification of electrodes with SAMs results in surfaces having reproducible properties, unlike the case for bare electrodes, which are prone to marked variations in wettability or work function due to uncontrolled adsorption of atmospheric contaminants.
Although γ S cannot be measured directly, several approaches exist for estimating it indirectly using semiempirical models with static contact angle goniometry. 54 In the Owens-Wendt method 24 used here, water (W) and diiodomethane (DIM) are used as probe liquids, and γ S is approximated using the following three equations: 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 12
These equations are based on the assumption that the surface tension of the liquid phase (γ W or γ DIM ) and the surface energy of the bare solid (γ S ) can be subdivided into dispersive (D) and polar (P) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 13
As displayed in Figure 3 , most of the PAs used in our study significantly decrease the overall surface energy of solvent/UVO cleaned AlO x /Al substrates (from 76.5 mJ/m 2 down to 23.5 mJ/m 2 ).
Mostly, the polar component (γ s p ) is responsible for this reduction in surface energy. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 14 substituents in ortho position relative to the methoxy substituent, and the close proximity of the fluorine atoms to the terminal functional group in this SAM, along with a large molecular tilt angle of the molecular backbone due to the bidentate bonding mode, can lead to a partial exposure of the ortho fluorine to the surface, hence to a reduced surface energy. The molecular orientation of (partially fluorinated) aromatic phosphonic acids has been studies by Gliboff et al., 56 As far as the C-H terminated PAs 6, 2, and 7 are concerned, small differences in surface energy might originate from variations in coverage, fluorine substitution, or a combination of both factors.
As expected, the highest surface energy (70.5 mJ/m 2 ) is obtained with the OH-terminated compound 12, followed by the quite polar non-fluorinated methoxylated phosphonic acid 4.
X-ray photoemission spectroscopy. As has been demonstrated in a broad range of monolayer studies, 2,57-59 XP spectroscopy is one of the most powerful methods for the chemical analysis of selfassembled monolayers. In the present study, we employed XPS (i) for the precise determination of surface coverage on AlO x /Al substrates (as outlined below), and (ii) for the identification of the molecular species based on core level chemical shifts and heteroatom photoemission intensities.
Representative results for a monolayer of 10 are shown in Figure 4 .
Unlike the procedure used by Paniagua et al., 48 who derived the coverage from contact angle data, and that used by Lange et al., 36 who extracted the coverage from the dependence of the work function on molecular dipole moments, we determined the coverage of the phosphonic acid monolayers from XPS data. The basic procedure is illustrated in the following:
Method for molecular density determination by means of XPS data: As no reference phosphorous monolayer is available whose surface density is exactly known, the molecular densities of 60 . For this purpose, absolute P 2s and S 2p intensities from dodecylphosphonic acid and dodecanethiol monolayers were acquired, making sure to keep both samples at equal heights in the analysis chamber of the spectrometer (i.e. keeping equal geometry during acquisition).
Comparison of the two (RSF normalized) intensities yields the molecular density of dodecylphosphonic acid monolayers, with respect to close-packed alkanethiols (referred to as "coverage" in Table 2 ). The molecular density for all remaining PA monolayers ( Table 2 ) was then extracted from the P 2s/Al 2p ratio for each sample, which is independent of photoelectron attenuation due to the molecular backbone since the P atom is located practically at the same distance from the AlO x surface for all investigated SAMs. The P 2s/Al 2p ratio provides an absolute measure of the molecular density without any assumptions on surface roughness or depolarization parameters, as long as the energy of the X-ray source is much higher than the binding energy of the two relevant species, P 2s and Al 2p. Further details on the procedure used for density calibration, as well as an estimation of statistical and systematic errors, are reported in the experimental section.
Molecular densities and chemical analysis from XPS data.
Overall, the monolayers presented in this study show medium to high densities on AlO x /Al with molecular areas ranging from 17.7 Å 2 /molecule for compound 6 (coverage = 1.22) to 42.9 Å 2 /molecule for 9 (coverage = 0.50) ( Table   2 ). The molecular area for 1 is close to that previously reported for monolayers of alkyl PAs on ZrO 2 (~25 Å 2 ). 61, 62 Also included in Table 2 are values for the number of molecules per nm 2 (N, also referred to as the packing density), which is proportional to the coverage. In view of the molecular cross sections and the footprint of the PA group on AlO x /Al substrates, or more specifically the question whether the PA group fits the substrate at the given densities, we can semi-quantitatively assess that the distance of the two oxygen atoms undergoing bidentate bonding to AlO x /Al is 2.57 Å (see Fig. 2 ), which is smaller than the distance between the two sulfur atoms undergoing bidentate bonding to Au for dithiocarbamate SAMs (with an S-S distance of ~2.96 Å). 63 As dithiocarbamates 16 are known to assume packing densities comparable to those of dense alkanethiol SAMs, 9 also PA monolayers with similar densities should be possible (based on steric considerations only).
The rather broad distribution of densities found for the different PAs significantly affects the dependence of the work function on the molecular dipole moment, as detailed in the following section. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60 moiety. The peak at 287.53 eV stems from fluorinated aromatic carbon. The component at 285. 49 eV is assigned to carbon in the 1-position of the fluorinated ring (connected to the non-fluorinated phenyl), and also includes the methylene carbon. (c) F 1s signal with a single component at 687.76 eV, resulting from the fluorinated ring.
Whereas the O 1s signal from the phosphonic acid group cannot be resolved due to the strong AlO x background from the substrate, P 2s, F 1s, and C 1s core levels show spectral characteristics and elemental areas that are in excellent quantitative agreement with molecular structure. 29 The 
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The Figure 5a . Overall, the work function of the modified AlO x /Al samples span a range of 0.91 eV, from 3.18 eV (1) to 4.09 eV (10) ( Table 2 ). As indicated in the graph, the data points appear to fall into two groups: PAs terminated with OMe groups, and PAs terminated with either For H-atoms. The point for 12 was not included in any of the linear fits due to the unique nature of its terminal group (OH). Although both datasets indicate a roughly linear dependence of Φ on µ z , Eq. 4
implies that linearity is given only when N and ε SAM are constant. In the present case, however, N varies significantly within the SAM 1-12 dataset (see molecular density in Table 2 ).
We use Eq. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 22 AlO x /Al is from Ref. 64 Linear fits for the non-methoxy-substituted PAs in (a) and (b) result in a slope of -0.32 ± 0.04 eV/D and -0.53 ± 0.05 eV/D, respectively. The slope -0.53 eV/D (in CGS units) corresponds to -2.5·10 10 V/m (in SI units).
In Table 3 we compare our results with three examples from literature. These examples should be comparable with the present system because in each case the substrate is a metal oxide (polycrystalline or amorphous) and phosphonic acids are used to modify Φ. The two parameters listed in Table 3 are the observed range in ∆Φ SAM and the slope obtained from a linear fit of Φ versus µ z . The range in ∆Φ SAM observed here for AlO x /Al (0.91 eV) is slightly smaller than the range reported for ITO (1.2 eV) and GZO (1.09 eV). This range can obviously be widened through structural modifications that allow the phosphonic acid molecules to pack more densely or that increase their dipole moment. The second parameter in Table 3 , the slope of Φ versus µ z , is predicted by Eq. 4 to be equal to e·N /(ε 0 ·ε SAM ). Using the experimental molecular density N from the dense reference monolayer, SAM 1 (4.15 nm -2 ; Table 2 ), and an estimation for the dielectric constant of the SAM (ε SAM ≈ 2.5) 16, 48, [67] [68] [69] , the predicted slope is 3.0·10 10 V/m in SI units (0.62 eV/D in CGS units), which is very close to the value determined experimentally based on photoemission data and DFT calculations (-2.5·10 10 V/m, see Figure 5b ). Thus our data shows that for fluorinated benzylphosphonic acids on AlO x /Al, the dependence of work function on molecular dipole moment is in excellent agreement with the prediction from the Helmholtz model. To our knowledge, the present study for the first time demonstrates that PAs on AlO x /Al substrates exhibit a linear correlation between the molecular dipole moments and the measured work function, and that this correlation is consistent with Eq. 4, although an earlier report by Nüesch et al. 70 provide indications that SAMs of dipolar benzoic acid derivatives might follow a similar trend. We are aware of the fact that the Helmholtz equation is just a simple approximation and that a full DFT calculation, accounting for the polarisation from the environment, provides a more accurate picture of the electron density distribution in a 2-dimensional monolayer. 71 However, such calculations are computationally very expensive and require a careful theoretic treatment, and it turns out that the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 23 present simpler (semi-empirical) approach is well suited for a fast verification of experimental work function data. 
Discussion
We have focused in this paper on using PAs to modify two important properties of AlO x /Al electrodes: surface energy (γ S , Figure 3 ) and work function (Φ, Figure 5 ). The adhesion between electrode and organic layer is often a limiting factor in device stability and it may also affect the charge injection barrier. Thus, the ability to tune γ S , and thereby varying the adhesion, can be critical Table 1) .
The SAMs presented in this study display a relatively wide distribution of molecular densities (N), with values ranging from 2.3 to 5.6 molecules per nm 2 ( Table 2 ). The variety of intermolecular interactions possible within these SAMs, from steric to electrostatic (depending on the specific fluorine substitution pattern and presence or absence of methoxy substituent), may account for this range of densities, but the amorphous nature of the AlO x layer (including roughness and inhomogeneity) should also be considered. As noted in the experimental section, these considerations led us to select the SC/UVO instead of the SC/OP pretreatment as a means of providing possibly reproducible substrates for SAM formation. However, other factors besides substrate pretreatment can affect SAM quality, in particular the solvent, the concentration in the assembly solution, and the assembly time. We chose to keep these conditions constant (within reasonable bounds) for all SAMs, while recognizing that some of the PAs derivatives were more soluble in absolute ethanol than others. Of course, this can affect SAM density as well as sample reproducibility. Based on our results, we estimate the reproducibility in SAM density (coverage) to be 15% or better for PAs 1, 4, 5, 6, 8, 9, 10, 11, and 12, and 30% or better for the remaining PAs (2,
3, and 7).
The Helmholtz equation (Eq. 4) predicts that the SAM-induced shift in the surface potential is proportional to molecular density (N). To compensate for the variation in N within the SAMs, we have normalized Φ with respect to N, using the dodecyl phosphonic SAM (1) as reference (Eq. 5).
The resulting plot of Φ norm versus µ z −µ z ref displays the predicted linear relationship (Figure 5b ).
Without this normalization, the plot of Φ versus µ z −µ z ref shows the same trend, however the correlation is poorer and the slope is too small (Figure 5a ). Including normalization, the experimental slope is close to that predicted by the Helmholtz equation, meaning that the molecular orientation derived from the DFT cluster model is realistic, and that the depolarization effect must be minor. Furthermore, the contribution from the bond dipole is already included in the DFT 25 calculation, so it will not much affect the results, besides that it is approximately constant for all phosphonic acids investigated here (i.e., it has little impact on the slope in Figure 5 ). Interestingly, the linear trend for the methoxy-terminated SAMs is offset from that for H-or F-terminated SAMs, while the slopes are practically the same.
Notwithstanding the spread in packing densities, we could demonstrate that the present set of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 27 Acknowledgement: The authors acknowledge Carsten Menke (Biovia) for valuable support in Dmol 3 issues.
Supporting Information Available. Synthesis procedures and NMR spectra of novel phosphonic acid derivatives, molecular modeling results, LI-XPS results, and a derivation of Eq. 5 are available free of charge via the Internet at http://pubs.acs.org.
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